New Physics (Exotics) Searches
at the LHC
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Introduction

- Several Exotics / New Physics searches at the LHC

- Cannot cover all = emphasis on new 1 fb~1 results
- ATLAS & CMS only: LHCb (B. Pietrzyk’s talk) and ALICE also seek NP

 Full repositories of latest results:

https://twiki.cern.ch/twiki/bin/view/AtlasPublic
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

- This talk does not cover
SUSY: See talks by W. Ehrenfeld, |I. Melzer-Pellmann, and others
Higgs: Next talk by M. Vazquez Acosta
Standard Model anomalies

(Powerpoint version of this talk has clickable links to the public notes.)
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Looking beyond the Standard Model

- Standard Model (SM):

- An effective theory — has worked very well at energy scales probed so far
- Expected to break down at higher energies

- Several limitations, many involving fine-tuning:
- Hierarchy Problem / Gravity: Reconciling m,, and m, with mp,_,,
-+ Electroweak Symmetry Breaking: How does it really work?
- Dark Matter: What is it? ey
- Flavor
- Strong CP Problem

Neutrinos
10%

* Raison d'étre of the Large Hadron Collider (LHC) g

Atoms
12%
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Large Hadron Collider (LHC)

¢ Vs=7TeVpp »  Bunch spacing 50 ns
* Qutstanding 2011 Performance * ~ 6 pp collisions / crossing (avg.)
¢« ~24x10% cm—2s~! peak lumi
« ~80pb-1/day
« ~2.7 b1 delivered
LHC 2011 RUN (3.5 TeV/beam)

ATLAS Online 2011,Vs=7 TeV Ldt=2.39 fb"'

<u>= 6.2
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Mean Number of Interactions per Crossmg

ATLAS 2.685 fb™!
CMS 2.487 fb™!
LHCb 0.763 fb~!

ALICE 3.702 pb™!
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Two g‘eneralﬂse experiments: AKS & CMIS

Total weight 14000 t
Overall diameter 15 m
Overall length 28.7 m

3170 scientists and engineers

39 Countries, 169 'Institutes, :
including 800 students

- - ’ (‘ :
Emphasis on excellent resolution (energy,
momentum, mass) of electrons, photons, muons
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Two general-purpose experiments: ATLAS & CMS

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter 38 countries, 174 institutions,
' 3000 scientists,
1000 students

S
s =

46 m

Toroid-Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

Emphasis on excellent jet and missing-E; (MET) resolution,

particle identification, and standalone muon reconstruction
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List of Models & Signatures Available

Many extensions of the SM have been

developed over the ;

Supersymmetry

<

AN
Extra-Dimensions Xt

Technicolor(s)
Little Higgs Y
No Higgs <<%
GUT

Hidden Valle

D\
Leptoquarks ‘\\‘z

- / S

Compositeness "

4™ generation (t', b')
LRSM, heavy neutrino
etfc...

(for illustration only)
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1jet+ MET

jets + MET

1 lepton + MET
Same-sign di-lepton
Dilepton resonance
Diphoton resonance
Diphoton + MET
Multileptons

Lepton-jet resonance
Lepton-photon resonance
Gamma-jet resonance
Diboson resonance
Z+MET

W/Z+Gamma resonance
Top-antitop resonance
Slow-moving particles
Long-lived particles
Top-antitop production
Lepton-Jets
Microscopic blackholes
Dijet resonance

etc...
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Long List of Models & Signhatures Available

Many extensions of the SM have bee o Tiet+MET
developed over the past S; - J:’:S:ME:MET
~“% — =~ epon For Experimentalists:
Supersymmetry &= —=___, Same-sign di-lepton P
N : ' Dilepton resonance
Extra-Dimensions e Complex 2D

: A = Diphoton resonance
Technicolor(s e T\ Diphoton + MET oroblem

Little Higgs.«~ Multileptons |
y - Lepton-jet resonance Slg nature

Lepton-photon resonance approaCh:
GUT N Gamma-jet resonance e Practical

Hidden Valleyg, \ Diboson resonance +  Less model-

2 MET dependent
Leptoq uarks - W/Z+Gamma resonance P

Combositeness Top-antitop resonance
P Slow-moving particles Important to seek

th : T !
4 generatlon (t ’ b) / Long-lived particles asS many

LRSM, heavy neutrino Top-antitop production signatures as

Lepton-Jets pOSSi ble
etc... Microscopic blackholes

Dijet resonance
etc...

No Higgs

Henri Bachacou

(for illustration only)
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Selected Searches

Heavy Resonances

Heavy gauge bosons
Diboson (yy, WZ)
Dijet

Doubly charged Higgs

Quark Exotica

tt resonances

Strong Gravity

FNAL, 2011.08.30

Monojet

Monophoton
Dimuon/diphoton spectrum
Black holes

A. Warburton (McGiill)

- tt+ MET (missing transverse energy)
« 4t quark generation

This talk: results up
to 1.6 fb~!

12



Search for Heavy Resonances

arXiv:1108.1316
ATLAS [ Da’ta 2011
W v Bwitooh
5 . = Ns=7TeV [Jw(2000)
Predicted by several extensions to the SM fLat-10am’ W
: e B ttbar

[[]Diboson
« GUT-inspired theories, Little Higgs — heavy gauge
boson(s) Z’ (W’)
* Technicolor — narrow technihadrons
« Randall-Sundrum ED — Kaluza-Klein graviton

Experimental Challenges

* Very high momenta

* Need to understand detector resolutions, efficiencies; Lepton momenta
— dearth of data-driven control samples approaching 1 TeV!

» Confidence in alignments, Monte Carlo simulation

FNAL, 2011.08.30 A. Warburton (McGill) 13



Neutral Heavy Resonance: ete~ & p*u~ Channels

Events / 5 GeV

- Randall-Sundrum Kaluza-Klein graviton excitation

« GUT-inspired heavy Z' boson

Technihadron

Drell-Yan Z/y* bkgnd dominates both channels

CMS preliminary \s=7 TeV j Ldt=1.1fb "

* DATA

Ziy*—e'e

- tt + other prompt leptons

FNAL, 2011.08.30

jets (data)

800

1000 1200
m(ee) [GeV]

610-11-OX3 Svd SNO

ATLAS

MM JLdt: 121"

\s=7TeV

A. Warburton (McGiill)

500

® Data 2011
Oy
[JDiboson
B i
EBIW+Jets
CJQch
[(JZ'(1000 GeV)
[JZ'(1250 GeV)
[(JZ'(1500 GeV)

1000 2000

m,, [GeV]

i
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Neutral Heavy Resonance: Dilepton > <

- Randall-Sundrum Kaluza-Klein Sequential SM (SSM):
° GUT-inspired heavy Z' boson RS KK graviton (k/l\_/IPI =0.1)
. Technihadron m(Ggyx) > 1.8 TeV at 95% CL

CMS PAS EXO-11-019 arXiv:1108.1582

ATLAS --- Expected limit
\s=7TeV I Expected + 16
Z -l Expected+ 20

— Observed limit

........ median expected

.| 68% expected

B 95% expected

Zssm

Z'y

B G, k/M,=0.1
Gyx K/M,=0.05

— Z’SSM
— 7,
— Z’w

— 95% C.L. limit

ee:I Ldt=1.08b"

uu:_[Ldt: 1.21fb"

— 02 04 06 0.8 1 1.2 14 16 1.8
m [TeV]
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Charged Heavy Resonance: W' > (e,0)v

- Heavy charged gauge boson >
« Technirho, Little Higgs

- 1 electron or muon & missing E-

- Seek Jacobian peak in my distribution

SM W high-mass tail background dominates both channels

CMS Preliminary == oiboson
+Single

ev J.Ldt 1.03 fb™

\I_ 7TeV

UV ATLAS

W' — uv
\s=7TeV
[Ldt=1.04fb"
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® Data 2011
[Jw’(500)

[Jw’(1000)
[CJw’(2000)

[ Diboson
[]ach
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Charged Heavy Resonance: W' N

Sequential SM W'". excluded up to 2.27 TeV at 95% CL

CMS PAS EXO-11-024 arXiv:1108.1316

95% Observed Limit Electron 1.03 fb

--e-- NNLO theory

95% Observed Limit Muon 1.13 fb™' ..
—e— Observed limit

95% Observed Combined

Expected limit
| Expected * 10
Expected + 2¢

— — - 95% Expected Combined

Theoretical Cross Section

ATLAS
W —lv
\Ns=7TeV, | Ldt=1.04 fb’

500 1000 1500 2000 2500
m,, [GeV]

"
9400 1600 1800 2000 2200 2400
W' mass (GeV)

FNAL, 2011.08.30 A. Warburton (McGiill) 17




Search for Heavy Resonance: WZ

W'or prc — WZ Reconstruct m(WZ) by
All-leptonic channel: constraining m(l#v) to m(W)
W—I*v and Z—I*I- SM WZ — 3lv background dominates

CMS PAS EXO-11-041

102 CMS Preliminary 2011

det:l.leb"
<+-Data® BBW+Jets
mvv I
BZ+Jets CIWZ—3lv
600

det:l.lsfb"
<+ Data® BW+Jets
mvv I
W Z+Jets (OWZ—3lv
600

>
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o
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>
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Events / 10 GeV

800 1000 1200 800 1000 1200
My, (GeV) My, (GeV)

Pre-selection Final selection
FNAL, 2011.08.30 A. Warburton (McGill) 18




Search for Heavy Resonance: WZ

Wor pre = WZ Sequential SM:
All-leptonic channel: M(W') > 784 GeV at 95% CL
Technicolor:

—|* —> ||~
W—lv and Z—1* prc > 382 GeV at 95% CL

CMS PAS EXO-11-041

det:l.leb“ ) det=1.15fb"

W' Limit = 784 GeV - pTCLimit =382 GeV

FNAL, 2011.08.30 A. Warburton (McGill) 19



Search for Heavy Resonance: diphoton channel

Randall-Sundrum Kaluza-Klein (KK)
graviton excitation search

Preferential decay to photons (in lieu of fermions) on spin grounds

RS graviton (k/Mp, = 0.1):
m(Gyx) > 1.7 TeV at 95% CL

CMS Preliminary e observed
—Diphoton
. 1.1fb'at7 TeV By +jet
B Dijet
= Syst. Uncertainty

RS graviton o [pb]

CMS PAS EXO-11-038

median expected
N 68% expected
95% expected
—— G, k=0.10
—— 95% CL limit
\\ CMS Preliminary
N1.1b7at 7 Tev

\
\

600 800 1000 120014001600 18002000

M, [GeV]
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CATLAS .
et Seagrch for Dijet Resonances

« Well-suited for early searches at hadron colliders
* Q% axigluon, colour-octet scalar, string resonance...
« Seek resonance above phenomenological fit to data

- | < m(jet-jet) = 4000 GeV  Missing E; = 100 GeV

= I | Y -
S — Most discrepant region

—e— CMS (1.0fb™)
— Fit
QCD Pythia + CMS Simulation
JES Uncertainty
S (1:§ TeV) ... Excited Quark
g \

- - = String Resonance

ATLAS Preliminary

e Data

— Fit /
Ns=7TeV
[ Ldt=0811b" /

Probing for
quark structure
beyond 4 TeV

Kt S (2.6 TeV)
T q*(1.5TeV) Sen
\_ - ~

""'".‘.’> ".
G=7Tev | T@3TeV)

n| <2.5, |An| < 1.3

Wide Jets

[TAXIE

®

o

-

I
o
=

cC -
R=)

7

Significance

1000 2000 3000 4000

1000 1500 2000 2500 3000 3500 4000 Reconstructed m; [GeV]

Dijet Mass (GeV)
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Search for Dijet Resonances

Model Excluded Mass (TeV) .
CMS arXiv.1107.4771| Observed Expected MOde] 95% CL Limits (TCV)

String Resonances 4.00 3.90 ATL-CONF-2011-095 Expected Observed
Eg¢ Diquarks 3.52 3.28 Excited Quark ¢* 2.77 2.91

Excited Quarks 2.49 2.68 .
Axigluons/Colorons 2.47 2.66 AXIgluon 3.02 3.21

W’ Bosons 1.51 1.40 Color Octet Scalar 1.71 1.91

Also setting model-independent limits:

T T T T |

Y‘IIYIV]IIl

L T
ATLAS Preliminary

Ns=7TeV
[Ldr=0.811fb"

(M T T T T [T T T [T T TE[ T T T T [T T T T[T T TT]T
L ’ . -..=. String Resonance _|
Excited Quark
Axigluon/Coloron
. — - Eg Diquark
“ --- w‘
AL z
RS Graviton

—
IIIIIIII

—

Easily
adaptable

to other

New Physics
models

/ mean

GGaussian

—0.15
—0.10
—0.07
—0.05

—
<

10"

IIIIIIII
IIIIIIII

CMS (1.0 fb™)

\s=7TeV

Ml < 2.5, |An| <1.3

95% CL Upper Limit
— =& Gluon-Gluon

—e— Quark-Gluon s, ‘ 3
-=- Quark-Quark *, S

+

95% C.L. Limit on oxA [pb]

\
C e N
| Generic limits on X
- dijet resonances
-of specific widths
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1000 1500 2000 2500 3000 3500 4000
Resonance Mass (GeV)
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Inclusive Search: Same-Sign Prompt Dimuon

* Predicted by many models

- Very clean signature; little to lose
by being inclusive

 Inclusive, model-independent
search:

« Fiducial cross-section limit as
function of m(u*u)

ATLAS Preliminary det: 16" ;Data
Non-prompt p

Il Diboson

— H™ (150 GeV)
— H™ (200 GeV)
— H™ (300 GeV)

—_
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Data / bkg

2
300 350
m,:,: [GeV]

FNAL, 2011.08.30

Mass range [GeV |

95% C.L. limit on
dimuon pair o [fb]

expected | observed

my, > 15 GeV

my, > 100 GeV
my, > 200 GeV
my,, > 300 GeV

ATLAS Preliminary

J Ldt=1.61fb"

Broad range of

muon kinematics:
pT(u1)>20 GeV,pT(u2)>1 0 GeV

M(uw)|<2.5, AR(u,jet)>0.4

A. Warburton (McGiill)

= observed

- - median expected

- expected + 1o

expected + 2¢

>300
Dimuon Mass [GeV]
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Heavy Resonance Search: Same-Sign Dilepton

—
o
™o

i i ATLAS Prelimi
Extend inclusive search — reliminary

Doubly charged Higgs search
* Based on same analysis as inclusive search
« Window 10% around Higgs mass

JLdt =1.6fb"

ATLAS-CONF-2011-127

Observed 95% upper limit

Expected 95% upper limit

68% of Pseudo-Experiments

95% of Pseudo-Experiments

Left-handed H= production, BR(H*—uu)=100%
5% Right-handed H™ production, BR(H*—pu*)=100%

- Observed 95% CL limit

m— Expected 95% CL limit

Expected limit + 16

9
T
o
+
o
T
+
£
C
m
X
T
o
o
©

300 350 400
H= mass [GeV]

A ;LAS N Assuming BR(ut™) = 100%:
Prefiminary - m(H,) > 375 GeV (exp. 342 GeV) at 95% CL

Ldt=1.61fb"
f « m(Hg) > 295 GeV (exp. 286 GeV) at 95% CL
200 250 300 350

H* mass [GeV]
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Selected Searches

Heavy Resonances

Heavy gauge bosons
Diboson (yy, WZ)
Dijet

Doubly charged Higgs

Quark Exotica

FNAL, 2011.08.30

tt resonances
tt+ MET (missing transverse energy)
4t quark generation

Monojet

Monophoton
Dimuon/diphoton spectrum
Black holes

A. Warburton (McGiill)
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Top-Antitop Pair Searches

Topic of great experimental and theoretical interest

31 generation may play a special role in EWSB

Reaching the TeV scale; new experimental techniques demanded

Now entering era of boosted top and top-tagging! (a la boosted b-quarks in the 1990s)

(See also Clemens Lange talk tomorrow)
CMS PAS EXO-11-006

CMS Preliminary, 490 ob™”! at\s =7 TeV

mpATA =175.52+ 5.97 GeV
=171.35+ 4.97 GeV

Il Top
CwJets
[]Jacp

+ Data
— Data fit
-- MC fit

tt Decay Modes

N
O
-~
>
[0,
o
0
~
%
it
c
]
>
L

B e P g g g

200 300 400 500 600
Mass of Top Jet Candidate (GeV/c?)
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tt Resonance Searches: Jet “Top”-ology

Particle Flow, Run 166864 Event 457688464

Boosted All-Hadronic Final State
Seek RS Kaluza-Klein gluons

CMS Preliminary, 490 p b at\s =7 TeV

W
Corons amnow subjet
W Top candidates

EWJets
[]aco

¢ Data CMS PAS EXO-11-006
— Data fit .. 1
-« MC fit CMS Preliminary, 886 pb™ at\s = 7 TeV
Combined type 1+1 & 1+2

Observed (95% CL)

Expected (95% CL)

*+ 10 Expected

+ 20 Expected

KK Gluon, Agashe et al

Topcolor Z', 3.0% width, Harris et al
LEEEERERE R Topcolor Z', 1.2% width, Harris et al

Events / 5 GeV/c?

40 60 80 100 120 140 :IO 180 200
Mass of W-Jet Candidate (GeV/cz)

Upper Limit 6., x BR(Z' — tf) (pb)

Both W bosons from top
decay hadronically (BR ~ 46%)
Model-independent o, limits —

m(gyx) > 1.5 TeV at 95% CL

FNAL, 2011.08.30 A. Warburton (McGiill) 27



- - ! Leptophobic Top-Color Z'
AECI01ATGs JetS Slgnature : pSulcl):?picobarn IirFr)lits

Seek Z' (narrow heavy resonances) « m(Z)>1.35TeV at 95% CL

CMS PAS EX0O-11-055
L =1.14/fb , L=1.14 fb! CMS preliminary, vs =7 TeV
- CMS preliminary EEQCD ti 107 ' '
- \/s = 7TeV ERW- v
" 6, =1pb W Zy - I'T

I Single-Top

QCD multijet
— 2, M=2TeV/c?
—— CMS data 2011

1 1|

H
o
o

median expected limit

observed limit (95% C.L.)

central 1o expected limit

central 20 expected limit
- Topcolor Z', 3.0% width, Harris et al.
- Topcolor Z', 1.2% width, Harris et al.

N
o
>

b}
o
(=4
o
-
~
3
Ig

-2
-

c

o

>

o

limit on o(pp —Z" —tt) [pb]

IllIIIlII]IIIIIIIII]IIIIIIIII]IIII]

500 1000 1500 2000 2500 3090 2500 ?000
M,; [GeV/cT] M, [GeV/c™]
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Top-Antitop Resonance Searches

—lllllllllllllll]llllllllll

_\f._ =7TeV dRmin. Syst.+stat.

.[ Ldt = 200 pb'1 —— Obs. 95% CL upper limit
Exp. 95% CL upper limit

I Exp. 16 uncertainty
' . Exp. 2 6 uncertainty

lepton (e,) + jets signature
Seek Z' or Kaluza-Klein gluons

I L B

1 1 lllllll

Kaluza-Klein gluon

Secondary ATLAS Preliminary

vertex
b-tagging

1 T lllllll
1 L lllllll

—
o

o T IIIHIII T Illlln] T IIHIH] T llIllllI T Illllnr
I LI llllll

L 1 lllllll

ATLAS Preliminary

R

lll

JLdt=200pb"

-

Ll l | l | l Ll 1 l Ll l Ll 1 l L

600 800 1000 1200 1400 1600
mass [GeV]

Events / GeV

w

=
-
Qe

+
+ gKK
Resonance mass exclusions:

« Strongly produced, wide:
« RS Kaluza-Klein gluon ( <650 GeV)

H _ « Weakly produced, narrow:

7500 2000 2500 3000 : ' '
" J— » Leptophobic Top-Color Z' (no exclusion)
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Candidate

% AT l. A S highly-boosted

EXPERIMENT tt event

Run Number: 180400, Event Number: 54251178
Date: 2011-04-28 03:33:58 CEST

m(tt) ~ 1.6 TeV

Le;ﬁ?ic top |
\ candi ate@m
\\ ‘Hadronic top
candidateé....\.
. . 6"
%e ectron) ¢ P tagged jet 11171

@ .

nic top

)

Jas=n

andidat

30
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Dilepton Resonance Searches

Dilepton signature (cf. | + jets: lower BR, but lower background)
Potentially sensitive to Kaluza-Klein gluons, graviton excitations, ...

T T T I T T T . I . 1 T Iﬁ T *| T I
ATLAS Preliminary Zhy =i
tt

J Ldt= 1.04 fb‘1 [ Single top

/ . =-020 -« Expected limit |
/ -0.25 W Expected+ 1o
-0.30 Expected + 2

99, /S _
—_— gqquK/ 9, = -0.35 . Observed limit

[] Fakes

\s =7 TeV @l Diboson
-8~ Data 2011

— 9, (700 GeV)

9 1 t
\Ns=7TeV

T llllllll
| IIlIIlI|

T IIIIIIII
1 IIIIIII|

JLdt=1.04fb'1

ATLAS Preliminary

0.6 0.8

0 200 400 600 1000 1200

(Scalar Sum of signal objects’ pr)  H+E™™* (GeV)

p—lllll
N [
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Search for a 4" Generation Quark: t' — Wb

CMS Preliminary

- t'— Whb: top-like signal (I+jets, dilepton), but
heavier

® Data573 pb’!

§ =
‘i’ [ Si,ng‘let
- Select: single charged lepton, g T zejes
o B Qcp
4 jets (1 b-tagged) with high E; < 1 Gev
large MET
- Experimental challenge: large tt background,
sensitive to calibration and modeling e
+  Excluded at 95% CL up to 450 GeV ™ Scalar E; sum H, [GeV]

CMS Preliminary CMS preliminary  CL_: e+jets (573pb™), ji+jets (821pb™)

®  Data573 pb*
0 ¢
[ Single t
Wjets
Z+jets
B ocp
x3 t'7' 400 GeV

95% expected
[ 68% expected
---=--== median expected
—e— 95% CL observed

LRI

=) = e ley .
100 200 300 400 500 600 700 800

Reconstructed fit mass  mg, [GeV]
FNAL, 2011.08.30 A. Warburton (McGiill)
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Search for a 4" Generation Quark: t' — Wb
- t'— Whb: top-like signal (I+jets, dilepton), CMS PAS EXO-11-050

but heavier

* Experimental challenge:
large tt background,

10% high-p; b-tagging systematic [ m, =350 Gevie

FNAL, 2011.08.30

CMS Preliminary 1.14 fb"'\'s=7 TeV

==:=1 NLO Theory
95% CL, Expected Limits

e 95% CL_, Observed Limits
CL ,+10

. W CL, =20

CMS Preliminary
1.14 b at \[s=7 TeV
Events with ee/up/en

D Other backgrounds

100 200 300 400 500
M,,, (GeV/c®) for M > 170 GeV/c®

Limit: m(t') > 422 GeV at 95% CL

600
M, (GeV/c?)
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Search for Heavy Bottom-like Quarks: b' —Wt

__CMS 2011 Preliminary 1.14 fo” : b'b' — Wt Wt - WWb WWb (Like tt+WW; Hard to miss!)

® data C_1 M, 400 GeV/c? E i ) ) ) ) )
B8 Sngletop W il Signature: trileptons or like-sign dilepton, =1 b-jet

B z-I'r [ diboson

same-sign dilepton ] E
Dilepton Limit: m(b') > 495 GeV at 95% CL
3 CMS PAS EXO-11-036
CMS 2011 Preliminary 1.14fb' s =7 TeV
T ] T I L] ] T 1 ] L] T I L] T T ] T

o |

—
observed limit 20
-=-== expectedlimit Wl 1o

10

-

|

—

CMS 2011 Preliminary 1.14 fb"

F trilepton

® data [ M, 400 GeV/c?
i I tt+W(2)
[ Single-top B w-hv
B z-I'r [ diboson

Trilepton—?

:_Q'
=
-
£
0 = .
Q.
Q.
~—
o

IIIIIIII
lllllIlI

T
§

—h
Q

lllllll

Limit at 95% CL: M, > 495 GeV/c? 1

. _— e .

350 400 450 500 550
M. [GeV/c?]
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Top-Antitop + MET

lepton + jets signature

Exotic top partner, decaying to
SM top + stable neutral scalar:

TT—ottA, A,

Predicted by several DM-motivated models

ATLAS-CONF-2011-(TBA)

ATLAS Preliminary Data,\'s=7 TeV
JL dt=1.04 b

Events/30 GeV

A,: Dark Matter candidate

e .
é:j,/f}é Background Uncertainty

D m(T)=360 GeV, m(A )=100 GeV

Selection:

- single high p; isolated lepton ‘

* =4 jets 350

- MET > 100 GeV Er™ [GeV]

Good understanding of MET is important
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A, Mass [GeV]

Top-Antitop + MET

New heavy particles:
TT—ottA A,

No signal apparent yet

ATLAS-CONF-2011-(TBA)

0
K

ATLAS
Preliminary

JL dt=1.04 fb"
\'s=7 TeV
Exp. Limit
Exp. Limit (+10)

CDF Exclusion

—— Excl.o x BR(TTHA A,)
600

T Mass [GeV]
FNAL, 2011.08.30

10 : IATL A4S Preliminary

A,Mass = 10 GeV

== Expected Limit (+1o)
— Observed Limit

NNLO Theory t1c

L dt=1.04 fo '

\'s=7 TeV
300 320 340 360 380 400 420 440

T Mass [GeV]

Theory: Alwall, Feng, Kumar

Exclude at 95% CL: heavy quark-like
states decaying to top plus
a new neutral particle, e.g.,

T with m(T) < 420 GeV decaying
to A, with m(A,) = 10 GeV
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Selected Searches

Heavy Resonances

+ Heavy gauge bosons
« Diboson (yy, WZ)

« Dijet

+ Doubly charged Higgs

Quark Exotica
- tfresonances
- tt+ MET (missing transverse energy)
- 4™ quark generation

Monojet

Monophoton
Dimuon/diphoton spectrum
Black holes

FNAL, 2011.08.30 A. Warburton (McGiill)
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Search for Monojets

- Large Extra Dimensions (ADD)
- Graviton escapes detection

- Seek a jet with ~nothing else

- Challenges:
+ Instrumentation background
« Understanding SM Z(— vv) + jets

IIIIIIIIIIIIIIIIIIIIIIIIIIII

CMS Preliminary - ADD M,252
|:| Z-vV

J.L dt = 1.1 fo' at\s=7 TeV T Wostv

[ Fii

[]acb

[:I Z-I'T

-@ Data

—e— data 2011
ATLAS Preliminary Total BG
» Cdz(—>vv)+jets
_[Ldt=1fb W (= Iv)+jets
[_Jacp
\s=7TeV CJz(=1)+jets
i
ADD (n=2, M_=2.0 TeV)
ADD (n=6,M_=1.5TeV)

—
(@)
N

[|T|T| lllllllll IIII?IIII Il‘IIIIIII IIIIII|T| IlIIII|T| IllllllTI_

-t
o
w

-
o
N

>
()
O)
Te)
l
~
a
C
()
>
L

-
-

dN/dET™® [Events/GeV]
)

IIIIll lIIIlIIIl IIIIllI_I_I IlIIII|_|_| IlIlIIu_l__

IIIIllll 1 lIIll].I :lllllllll lI[IIlllI lIIIlI.I.lI llIIII.lll IIIIIlll] 111

200 300 400 500 600 700 800
E™S [GeV]
FNAL, 2011.08.30 A. Warburton (McGiill)

o

e
960-110¢-dNOO-SV1LVY

650-11-OX3 Svd SO

EmISS [Gev]

o




Search for Monojets

Extra Dimensions (ADD)
now pushed beyond 2 TeV

_I.L.llll»IIlllIIIIIIIIIIIIIIIIIIIIII

CMS Preliminary
A \/§-7TeV L —11fb1§

1

T IIIIIIIl
llIllll

95% CL Expected limits
95% CL Observed limits
Theor. prediction (LO)

Theor predlctlon (NLO)

T IIII]III

| N

65S0-1-OX3 SVd SWO

!

TTTTIT

L lllll!

1 1.5 2 2.5 3 3.5 4

M; (TeV)

FNAL, 2011.08.30

IIIIIII|

—— ADD signal: n=2
—— ADD signal: n=4
— — 95% CL Exclusion

ATLAS Preliminary

lIlIIIl|

N
1500

b TN SN
2000 2500 3000 3500 4000

M, [GeV]

M, lower limit [TeV]

IlIlllllIIIIlllllllllllllllllllll

Illllllllllll

/

I I I I

J. Ldt=1fo' ATLAS Preliminary
\s =7 TeV —— ATLAS 2011
CDF run Il

LEP combined

A. Warburton (McGiill)
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Events /GeV

Search for Monophoton

Large Extra Dimensions (ADD) - Forn=2-6
- Graviton escapes detection
Like monojet, seek a photon with - | My >1.25-1.31 TeV at 95% CL

~nothing else
CMS Preliminary

CMS PAS EXO-11-058

SM + ADD (Mo=1 TeV, n=2)
—e— DATA
Total bkg uncertainty
Zy— vvy
W- ev
I Miss ID Photon (QCD)
QCDy, Wy

I BcamHalo

2
Cross section (fb)

—
Q
N

. n=4, Theory NLO = —— 95% CL Obs. Limit

. —— n=4,Theory LO 95% CL Exp. Limit
n=6, Theory NLO .. [ +1o Exp. Limit

- =—— n=6, Theory LO - [ | +20 Exp. Limit

100 200 300 400 500 600 700 1.2 1.4 1.6 1.8 2
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Nonresonant Dimuon/Diphoton LED Searches
Diphoton: Mg lower limits [TeV] at 95% CL

CMS PAS EXO-11-038

Large Extra-D (ADD): s
. . Kfactor | npp =2 ngp=3 #ngp=4 ngp=5 ngp=6 ngp=7

KK graviton tower with . 28 26 24

AM << detector resolution 2128 26

CMS preliminary \/§=7TeV,J.Ldt=1.18 o Dimuon: (n =3) Mg > 3.22 TeV
S\ I ' CMS preliminary \s=7TeV,| Ldt=1.18 "
o 10° B Z/y*— pp DY < 3.5 j
COD 10° 1 tt and Diboson ©
N Bl ADD, A, =2.6TeV Seek =
=, 3 ce =30
(2] 10 + Data . . c *
< deviation S
o 2 E* . é
=10¢ inthe SM  EPfS
. spectrum 2
. continuum 2,50
L feature |solated YT —
il muon 1.5 —— observed |
candidates [ o~ - expected

= F_H_H_HJLH_H_ 1 1

-
o

500 1000 1500 2000 2500 3000
M, [GeV]

FNAL, 2011.08.30 A. Warburton (McGill) 41

20 30 40 50 60 7.0
My [TEV]

6€0-11-OX3 Svd SINO



Black Holes: Multi-Object, Multi-Jet, Same-Sign

- Microscopic black holes decaying
via Hawking radiation

 Models uncertain due to lack of
knowledge about quantum gravity

ATLAS Simulation: %
- Semi-classical models: 1y 2e many jets %
m(BH) >> m(threshold) = M,

- Safe bet: decay is democratic and
Isotropic, likely high particle
multiplicity — look for many jets
and leptons at high mass

LZ0-11-OX3 Svd SINO

N

FNAL, 2011.08.30 A. Warburton (McGiill) 4



Black Holes: Multi-Object, Multi-Jet, Same-Sign

 Inclusive search: sum energy of all
objects (e, J, jets)

« Can also select peculiar events: \
e.g., same-sign dilepton with very
high track multiplicity l

ATLAS-CONF-2011 065

ATLAS Preliminary —e— Data

—— Standard Mods}
p+fake

' tt

— [ a

' N >10 M

P N\s= 7TeV,JL dt=31pb’

Tracks

15 20 25 30 35 40 45 50

ngh pr Track Multiplicity nrracks

9-object CMS
event

FNAL, 2011.08.30

n (TeV)

min
BH

A. Warburton (McGiill)

CMS PAS EXO-11-071

Background

Uncertainty
.......... =15TeV, MB";:"=45Tev, n=6
................... M =2.0TeV, MBH =40TeV,n=4
.......... 25TeVM =35TeV,n=2

«, At least 6 objects

Events / 100 GeV

2000 2500 3000 3500 4000
Total Transverse Energy Sy (GeV)

CMS Preliminary
Vs = 7 TeV, 1.09 fb™

=
°
@
°
=2
O
x
L

4.2} BlackMax
—e— Non-Rotating
---4--- Rotating



Exotics Searches: Summary

Limits in TeV
Heavy Bosons
Z’ssm I 1.94 2011
Zw |l 1.62 2011
Gkx Il K/M = 0.1 1.78 2011
W’ Iv 2.27 2011
W’ dijet 1.51 2011
Gkx YY k/M = 0.1 (2010) 0.945 2010
4th Generation
Mp, b’ = tW (2010) 0.361 2010
My, t' = tZ (100%) 0.417 2011
Mg, t' = bW (100%), I+jets 0.45 2011
Heavy Stable Particles
Magiuine, HSCP 0.899 2011
Magiuine, Stopped Gluino 0.601 2011
Mstop, HSCP 0.620 2011
Mstop, Stopped Gluino 0.337 2011
Mstau, HSCP 0.293 2011
Large Extra Dimensions
Ms, vy, GRW (2010) 1.89 2010
Ms, pu, GRW (2010) 1.75 2010
Mp, monojet, nep = 2 (2010) 2.56 2010
Mp, monojet, nep = 6 (2010) 1.68 2010
MsgH, rotating, Mp=3.5 TeV, nepo =2 4.1 2011
MgH, non-rot, Mp=1.5 TeV, neo = 6 5.1 2011
String Ball M, Mp=2.1, M=1.7, gs=0.4 4.1 2011
Compositeness and Contact Interactions
String Resonances 4.0 2011
Es diquarks 3.52 2011
Axigluon/Coloron 2.47 2011
q~ , dijet 2.49 2011
q~ , boosted Z 1.17 2010
e*, AN=2TeV 0.720 2010
H*, A=2TeV 0.745 2010
C.I. A, dijet mass (3 pb") 4.0 2010
C.l. A, X analysis 5.6 2010
LeptoQuark

LQ1, B=0.5 (2010) 0.340 2010
LQ1, B=1.0 (2010) 0.384 2010
LQ2, B=1.0 (2010) 0.394 2010

(table does not contain latest results)
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ATLAS Exotics Searches: Summary

Large ED (ADD) : monojet
UED :yy + ET.miss

RS with k/M,, = 0.1 :m,,

RS with k/M_,,=0.1:m

RS with gqquK/ gs=-0.20 tHo+ Ep o
Quantum black hole (QBH) : m,,, F(x)
QBH : High-mass 6, , ,

ADD BH (M,,/M,=3) : multijet Xp_, N,
ADD BH (M, /M,=3) : SS dimuon N

qqqq contact interaction : F,(m

eefuu

Extra dimensions

ch. part.
dijel)
qquu contact interaction : m
SSM: mee,:u:u

SSM: meo.,

Scalar LQ pairs (5=1) : kin. vars. in eejj, evjj
Scalar LQ pairs (5=1) : kin. vars. in ppjj, pvjj
4™ generation : coll. mass in Q454—> WqWq

4" generation : d434—> WitWt (2-lep SS)

1T

4th gen.
Major. neutr. (LRSM, no mixing) : 2-lep + jets

—>tt+AA) : 1-lep + jets + E

T ,miss

Major. neutr. (LRSM, no mixing) : 2-lep + jets
bt FEd — .

H " (DY prod., BR(HL —up)=1) .m“.u )

Excited quarks : m dijet

Axigluons : Mg

Color octet scalar : m dijet

*Only a selection of the available results lfeading to mass limits shown

FNAL, 2011.08.30

LAS Searches* - 95% CL Lower Limits (Lepton-Photon 2011)

T IIIIIII I IIIIII I IIIIIII|

£=1.00 fb” (2011) [ATLAS-CONF-2011-096) s2tev. Mp (6=2)

ATLAS

mo.v: Compact. scale 1/R Preliminary

L=36 pb™ (2010) [arXiv:1107.0561]

L=36 pb™ (2010) [ATLAS-CONF-2011-044) e206ev| Graviton mass

1.631ev. Graviton mass

- A
£=1,08-1.21 " (2011) [arXiv:1108.1582] j’-dl =(0.031-1.60) fb

L=1.06 1b” (2011) [Preliminary] oo KK gluon mass Vs=7TeV

L=36 pb" (2010) [arXiv:1103.3864] &l?'ml: M, (6=6)
L=33 pb” (2010) [ATLAS-CONF-2011-070) z.ssiw: Mg
L=35 pb” (2010) [ATLAS-CONF-2011-068) urmb My (6=6)
L=31 pb” (2010) [ATLAS-CONF-2011-065) uﬂw: My (6=6)
L=36 pb” (2010) [arXiv:1103.3864 (Bayesian limit)) 67TeV A
L=42 pb” (2010) [arXiv:1104.4398] 49TeV A
£=1,08-1.21 6" (2011} [arXiv:1108.1582) 183Tev Z' mass

£=1.04 1b” (2011) [arXiv:1108.1316] 215Tev. W' mass

| 1235 pb (2010) farxiv: 114,445 geeew 1°' gen. LQ mass
| =35 pb" (2010) farxiv:1104.448 2eev 2" gen. LQ mass
Q, mass
d, mass
T mass
N mass (m(WR) =1TeV)
W mass (230 <m(N) < 700 GeV)
H_* mass
gq* mass
Axigluon mass

Scalar resonance mass
L]

10
Mass scale [TeV]

A. Warburton (McGiill)




Concluding Remarks t“‘l

Hats off to the LHC for an outstanding year of 7 TeV pp
collisions: quick provision of quality and quantity

ATLAS and CMS all-purpose detectors are already performing :~ :
near design specifications

Experimental challenges lie ahead (multi-TeV, high lumi): . __.f..':j,.f.:.“
Pileup ,..ﬁ
TeV leptons, boosted object reconstruction . S
New, more complex signatures

Experimentally, we’'ve now not only opened the door to the -
“House of New Physics”, but also stepped inside, to find
nothing obviously exatic... in the foyer

Still very early days; many rooms remain to be explored! .

FNAL, 2011.08.30 A. Warburton (McGiill)
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New Physics Searches: Key Ingredients

Maximize signal efficiency
- Data-driven methods (e.g., tag-&-probe)
-« Can be tricky for very exotic signals

Reliable background estimations
« Understanding of detector
- Data-driven methods

Trade-offs in analysis approaches:

- Setting strong limits
+ Robust discovery!

FNAL, 2011.08.30 A. Warburton (McGiill)
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CMS & ATLAS Detectors: Basic Parameters

3.8T solenoid containing calorimeters
Silicon tracker: o(p;)/py~ 19% at 1TeV

EM cal: homogeneous Lead-Tungstate
crystal, o /E ~ 3%/NE[GeV] @ 0.5%

HAD cal: Brass-scint., 27A,
o/E ~ 100%/\/E[GeV] D 5%

Iron return yoke muon spectrometer

2T solenoid inside calorimeters

Silicon+TRT tracker + electron ID

EM cal: Longitudinally segmented Lead-Ar:

0/E ~ 10%/NE[GeV] ® 0.7%

HAD cal: Fe-scint + Cu-Ar, 211A,

0/E ~ 50%/NE[GeV] @ 3%

Air-toroid muon sp.: |VB.dl=1to 7 T.m




Heavy Neutrinos, LRSM Wg

WR — glNg — EIEZWE — €1€2]]

- LRSM approaches
- Search for resonance in 2-lepton
+ 2-jet system

- Majorana neutrino — expect
50% same-sign (clean
signature)

Events/200 GeV

1500 2000
M(eejj) [GeV]

—4— Data (2 entries)
Il Fake
[ Z+jets

Diboson

Events/200 GeV
S

I it and single-top

] Uncertainty
— Wq(M,, =1000,M,=500)[GeV]

l:l Other backgrounds

® Data

Events/80 GeV

—— W, = uN = pyjj

204.16 pb™ at\'s = 7 TeV

ATLAS Preliminary

_[ Ldt=34pb' \'s=7TeV

2000 Rl 500 2000
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Heavy Neutrinos, Wg

CMS Preliminary

240 pb'at 7 TeV
== Observed
. ««x Expected
ATLAS Preliminary (
SS+0S, ee+u, no N mixing
= = Expected

< Observed

Excluded c x BR(ee,up) [pb] .

oot

o
ey
- :

J‘ Ldit = 34 pb” L

.
f"’"
"

800 1000 1200 1400 1600

My, [GeV]
FNAL, 2011.08.30
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W+2j Production Cross Check

ATLAS-CONF-2011-097

vlll YIIIlIY Illl[_
Il,d =1.02 b’ \E=7 TeV

AL L S B S

AT}.AS Preliminary — ™

—— SM background

—¥— dat

Met F

[ Iwwewz
Ldt=1.021" [ weiets

[Jaco
e+p, Njet = 2 R

- Zejmin

[ single top

w—— Tofal M |Sysl. Unc.)

events / 5 GeV

Events / 10 GeV
[+
]
o

Il |

_i.]ullllullllnl TR ITETi AN ERA NAY

ATLAS Preliminary

| ; =T
teee B i S S *_M*"'*‘*++H+++++++++:: .

perer

50 100 150 200 250 300 350 400
M, [GeV]

o..

significance of imerva\. 0.330
1 s 4 1 1

Ce 1
150 200 250
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